[Background] Plasmodiophora brassicae is a soil-borne plant pathogen causing root galls (clubs) in the Brassicaceae family including Arabidopsis. The clubroot disease has a major impact on oilseed rape (canola) and cabbage cultivation worldwide. P. brassicae is an obligate biotroph (require a host for growth) assigned to the supergroup Rhizaria, one of the least studied organism groups of eukaryotes (Sierra et al., 2016; Sibbald and Archibald, 2017) . Phylogenetically, P. brassicae belongs to a plant pathogenic group of protists in Phytomyxea (Neuhauser et al., 2011 and 2014; Adl et al., 2012). Few genomes of related species are available, a circumstance which has considerably delayed the molecular analysis and genome comparisons. P. brassicae forms hardy resting spores in the clubs, spores that have the capacity to remain dormant for decades in the soil, ready for new rounds of root infections if a host plant grow nearby. Here we describe how to generate diseased plants, isolate resting spores from root galls followed by extraction of large amounts of DNA. This protocol is a further improvement and clarification of the procedures described in Schwelm et al. (2015). The outlined work is substantial but yields high-quality DNA suitable for long-read massive parallel sequencing.
Spore isolation
1. Ethanol (70%, 500 ml*)
2. Sodium hypochlorite (1%, 500 ml*) (Commercial bleach)
Sterile distilled water 5 x 1L
4. Ficoll PM 400 (16% and 32%*) (Sigma-Aldrich, catalog number: F4375) 2. Homogenize galls in 500 ml H2O using a household mixer. Avoid over-heating of the material by running the mixer for 30 sec followed by a 30 sec break. Repeat until a colloidal suspension has formed ( Figure 3A) .
Note: Scalpel can be used to cut the root material into smaller pieces ahead of the mixing.
3. Filter the homogenized tissue through 4 layers of Miracloth to remove debris. Depending on the club size and amount of debris this step may require a new round of filtering ( Figure 3A ).
4. Transfer the filtered liquid into 50 ml Falcon tubes up to maximum volume and spin.
Note: All centrifugations should be carried out using a tabletop centrifuge at 3,650 x g for 15
min if not otherwise is mentioned.
5.
A pellet with two layers will form: a brown upper layer containing spores and a white layer with starch ( Figure 3B ). Carefully remove the supernatant with a pipet using a 1 ml tip. Transfer the spores to a new tube. Avoid starch contamination.
Note: A dense spore layer may require a spoon to facilitate spore removal.
6. Wash the spores by re-suspending them in about 40 ml H2O and repeat centrifugation ( Figure   3C ). Repeat washing and centrifugation if a white layer of starch is visible.
Note: All volumes from now and onwards are adjusted to 2-4 ml of spores.
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8. Prepare a density gradient in a 50 ml Falcon tube. Add 32% Ficoll over which carefully layer 16%
Ficoll and add the re-suspended spores from Step C7 on top (3v 32% Ficoll:2v 16% Ficoll:1v spores). Make sure the interphase between 3 layers is undisturbed ( Figure 3D ).
9. Centrifuge for 15 min at 400 x g. Avoid high-speed centrifugation. Several layers will form ( Figure 3E ).
10. Carefully aspirate and discard the upper layer. Transfer the spores to a 15 ml Falcon tube.
Wash the spores using 10 ml of H2O and centrifuge.
11. Dissolve the pellet in H2O reaching a final volume of 5 ml. Add 5 μl of rifampicin and streptomycin each into the tube and incubate for 1 h at 37 °C. Pellet the spores and wash them with 10 ml of H2O. Repeat centrifugation and remove supernatant.
12. Treat the spores with 5 ml ethanol (70%) for 2 min (not longer) and centrifuge. Wash the spores with 10 ml of H2O and centrifuge. Repeat the washing-step with H2O at least twice.
Note: It is important to remove all ethanol.
13. Suspend the pellet in 5 ml H2O. Add 5 μl carbenicillin, 5 μl pimaricin, 12.5 μl cefotaxime and 2.5 μl hygromycin B. Incubate the tube at room temperature overnight.
Note: The antibiotics are active against various bacteria and fungal species.
14. Pellet the spores, wash with 10 ml of H2O and repeat centrifugation. Re-suspend the spores in 5 ml lysozyme solution and incubate for 2 h at 37 °C.
15. Pellet the spores and re-suspend the pellet in 5 ml PBS buffer.
Repeat
Step C8 and Step C9 with Ficoll density gradient centrifugation.
17. Collect the spores, layers 2 and 4 ( Figure 3F ) and wash them with 10 ml H2O and centrifuge.
Dissolve the pellet in 2 ml TE buffer containing 20 μl of DNase I and incubate for 2 h at 37 °C.
18. Add 3 ml termination buffer and incubate for 4 h at 37 °C.
19. Pellet and wash the spores 3 times each using 10 ml H2O. 2. Pre-heat the mixture in a water bath at 65 °C.
3. Grind the frozen spores to a fine powder in liquid nitrogen. Use mortar and pestle.
4. Add the spore-powder into the pre-heated extraction buffer (about 300 mg of spore-powder in 7 ml extraction buffer). E. RNA isolation 1. Grind the frozen spores to a fine powder in liquid nitrogen. Use a mortar and pestle.
2. Continue RNA extractions using the Spectrum TM Plant Total RNA Kit (Sigma-Aldrich) according to the manufacturer's instructions.
Notes
Root infection varies much due to the environmental conditions and experiments should first be run to ensure proper club formation. The yield of resting spores and consequently of P. brassicae DNA vary depending on the club size and stage of maturation.
